Measurement of multipath delay profile in land mobile satellite channels by Arakaki, Yoshiya et al.
N94- 2?.793
Measurement of Multipath Delay Profile in Land Mobile Satellite Channels
Tetsushi Ikegami, Yoshiya Arakaki, Hiromitsu Wakana
and *Ryutaro Suzuki
Communications Research Laboratory
Ministry of Posts and Telecommunications
893-1 Hirai, Kashima, Ibaraki 314 Japan
Phone: +81-299-84-4120, Fax: +81-299-84-4149
*National Institute of Multimedia Education
Ministry of Education
2-12 Wakaba, Mihama, Chiba 261 Japan
ABSTRACT
Mobile satellite communication
channel has been evaluated mainly
with fading statistics of signal.
When bandwidth of transmitting sig-
nal becomes wider, frequency se-
lectivity of fading becomes signifi-
cant factor of the channel. Channel
characteristics, not only signal
variation but multipath delay spread
should be evaluated. A multipath
measurement system is proposed
and developed for mobile satellite
applications. With this system and
ETS-V satellite, multipath delay
profiles are measured in various
environments including Tokyo
metropolis and Sapporo city at 1.5
GHz. Results show that the maxi-
mum excess delay is within llJs and
the maximum delay spread is 0.2_s
at elevation angles of 40 to 47 de-
grees. In wideband signal trans-
mission of about 1MHz and more,
designers should consider the effect
of selective fading due to the multi-
path of land mobile satellite chan-
nel.
INTRODUCTION
The evaluation of mobile
satellite communication channels
has focused on the fading statistics
of level fluctuation. In the near fu- 331
ture, the wideband signal will be
used in CDMA, TDMA or mobile
sound broadcasting systems. In
the evaluation of wideband trans-
mission, delay profile of channel
should be measured, because mul-
tipath due to reflection off the
structure around mobile earth sta-
tion induces a frequency selectivity
of the link, which results in wave
form distortion or inter-symbol inter-
ference on the transmitting signal.
In order to measure the multipath,
we propose measuring system for
mobile satellite channel and develop
a prototype. This paper shows the
proposed system and reports a pre-
liminary results of measurement in
Tokyo metropolis and Sapporo city.
BACKGROUND
There are some methods of
multipath measurement in radio
communication links(I)(2): the recep-
tion of a response to a transmitted
narrow pulse signal, referred to as
pulse method, the correlation of the
transmitted PN-PSK-SS signal to
reference PN sequence, which re-
sults in a similar response as in the
pulse method, referred to as PN
method.
In the pulse method, trans-
mitting peak power must be high
enough to obtain sufficient signal to
noise ratio, however transponders
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are generally operating at power-
limited mode and link margin is
usually not enough to use the pulse
method. The PN method is
popular in terrestrial land mobile
channels, however high precision
local oscillator must be used at both
transmitter and receiver as a refer-
ence carrier to achieve quasi-co-
herent detection, because carrier
recovery function does not work well
in a typical Rayleigh fading condi-
tion.
As the satellite communica-
tion link has a frequency conversion
function in an onboard transponder,
the use of high precision local oscil-
lator in earth station cannot com-
pensate frequency difference be-
tween the transmitting and receiving
earth stations. Therefore another
method should be used in mobile
satellite channels.
In mobile satellite communi-
cations, line-of-sight links are mainly
used and a receiver can easily track
the phase of a direct wave.
Therefore it is sufficient to measure
the level of multipath delay profile
and phase fluctuations of the de-
layed multipath components relative
to the direct wave. The proposed
measuring system receives the
transmitted PN-SS signal through a
satellite, achieves quadrature co-
herent detection while synchronizing
to the direct wave and gives the
delay profile as complex correlation
outputs.
SYSTEM DESCRIPTION
In this system the earth sta-
tion transmits a PN-SS signal to a
satellite, then a coherent matched
filter (CMF) receiver(3) of a receiving
earth station detects quadrature
multipath delay profiles as complex
correlation outputs while a carrier
recovery loop tracks the direct wave
from the satellite. The CMF is a
kind of Costas loop coherent detec-
tor for the PN-SS signal and con- 332
tains two correlators for PN code as
arm filters of the Costas loop.
Figure 1 shows the principle
of the measurement system. The
received PN-SS signal is converted
to complex baseband signals with
the recovered carrier. Digital corre-
lators correlate the baseband sig-
nals with the reference PN code and
give a complex delay profile for one
frame of PN code. The carrier re-
covery loop tracks the largest corre-
lation peak which comes from the
direct wave. Therefore correlators
produce delay profiles having infor-
mation of the phase relative to the
direct wave even if there are fre-
quency conversions in satellite links.
Signal to noise ratio at the correlator
output can be improved by recursive
integrators which consist of adders,
frame memories and weighting cir-
cuits.
The measurement system is
developed based on a communica-
tion equipment(4)(5). The system
description and block diagram are
shown in Table 1 and Figure 2, re-
spectively. Digital correlators in
both I and Q arms operate asyn-
chronous with PN clock at twice the
PN clock to avoid the use of clock
recovery circuit. The bandwidth of
the transmitting signal is limited to 3
MHz which corresponds to the
bandwidth of a transponder.
RESULTS
Measurements are performed
at urban, suburban and mountain-
ous areas using ETS-V(Engineering
Test Satellite five) located at 150
degrees East(6). The elevation an-
gles to the satellite are relatively
high and range from 40 to 47 de-
grees. This report shows the pre-
liminary data of Shinjuku Tokyo
where many tall buildings of up to
250 m in heights are risen, and
Sapporo which is a typical large city
in northern part of Japan.
As in Figure 3, Kashima base
earth station transmits a PN-SS sig-
nal and the mobile earth station on-
board a measuring van receive the
left-handed circular polarized signal
from the ETS-V at 1.5GHz. A re-
ceiving antenna used in the mea-
surement is a quadrifilar helix an-
tenna which has a gain 3 dBi and an
omnidirectional beam. The re-
ceived data are recorded on a digi-
tal data recorder.
Figure 4 and 5 show some
examples of measured delay pro-
files at Shinjuku. In each figure, a
broken line shows the reference
profile where only direct wave ex-
ists. There are no output in Q-
channel in principle if the received
signal contains a direct wave only,
whereas there are some level in Q-
channels in Figure 4 and 5. This
fact explains that the received signal
consists of some delayed multipath
components.
The mean excess delay d
and the delay spread S which are
the measure of multipath, are ex-
pressed in the following equa-
tions(2),
d = I:vE(r)d'r (1)
where E(v)is normalized power de-
lay profile.
The delay spread is calcu-
lated in Equation (2) with the mea-
sured delay profiles, in these calcu-
lations the effect of band limitation
to correlation function is considered.
Table 2 and 3 summarize the mea-
surements of the received signal
level relative to the line-of-sight level
and the delay spread in Shinjuku
and Sapporo. Figure 6 and 7 are
maps of the measuring points. So
far, an excess delay of more than
1its is not observed and maximum
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delay spread is on the order of 0.2
ItS.
The coherent bandwidth,
which is a measure of frequency
selectivity, is defined as the fre-
quency separation at which correla-
tion of two signals is 0.5. If the dis-
tribution of multipath delay follows
exponential distribution, the coher-
ence bandwidth Bc can be ex-
pressed with delay spread S as(2)
l
B_ = --- (3).
2zS
For reference, the coherent band-
widths Bc are calculated with Eq.
(3), which may not express the ex-
act value of Bc of the channels.
Calculated Bc are from 0.8 MHz to
4.0 MHz. More detailed analyses
must be done on this point, how-
ever, design of wide band trans-
mission link of approximately 1 MHz
and more should consider the effect
of multipath delay carefully.
CONCLUSION
A multipath measuring sys-
tem for mobile satellite links is pro-
posed and a prototype is developed.
Field test measurements are per-
formed using ETS-V satellite at 1.5
GHz. In land mobile satellite links
at moderate elevation angles of
around 45 degrees, there are no
multipath components with an ex-
cess delay of more than 1 Its which
is typical in terrestrial land mobile
links. However, owing to the fact
that the delay spread of around 0.2
Its is observed, it can be concluded
that frequency selectivity should be
considered in wide band system on
the order of more than 1 MHz.
Detailed analyses such as statistical
properties of delay spread or coher-
ence bandwidth are left as further
study.
REFERENCES
[1] G. L. Turin, et al.,"A Statistical
Model of Urban Multipath
Propagation", IEEE Trans. VT-21,1,
pp.1-9, Feb. 1972.
[2] W. C. Y. Lee: "Mobi/e
Communications Engineering',
McGraw-Hill, 1982.
[3] N. Hamamoto et aI.:"PN-SS
equipment for satellite communica-
tions with data demodulation by
matched filter", Trans. IEICE Japan,
vol. J69-B, pp.1540-1547, Nov.
1986.
[4] T. Ikegami, et al.:"Experiments
on a coherent matched filter re-
ceiver for spread spectrum mobile
satellite communications", IEICE
Trans., vol. E,5, pp.1130-1136, May
1991.
[5] T. Ikegami, et al.:"Field trials of a
spread spectrum mobile satellite
system using ETS-V satellite", tEEE
GLOBECOM91,38A4, Phoenix,
Dec. 1991. . _
[6] T. Ikegami, et al.:"Land mobile
communication experiments with
ETS-V satellite", IEEE VTC87,
pp.166-169, Tampa, June 1987.
Carrier
PN Sequence
DI_I_I_I_I.......II 1"1I IDI
I_I.I ..... -I-, H -IT÷I I-ch. OUT
DI_I_I_IDI.......I IIIIIDI A. A
Recov. _t_,.l ..... -I-, H-IT*I :I z o-c..
"-'-'To----_
ud_---_d,__ t
Fig. 1 Principle of multipath measurement
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Table 1 Major specification of equipment
PN Code
PN Chip Rate
Modulation
Demodulation
Matched Ftlter
AFC Range
M-sequence, Length 1023
2.4552MHz
BPSK
CMF, Coherent Detection
8bits Digital Correlator, 2046stages
_=10kHz
AFC
_CO""E_ATO" F
CORRELATOR
1 4.9104MHz
_APE;_TUREr2.1 _ _ I DETECT
RECURSIVE [ . _ I ch
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INTEGRATOR I - _ Q ch
10,7MHz
Fig. 2 Block diagram of receiver
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Table.2 Shinjuku multipath data (sa_oro Hokkaido) E 141.35 ° N 43.07"
Point Receiv Delay spread
level [_ sec]
#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
ed
[dB'l
-2.6 0
-3,2 0
-1.9 0
-0.4 0
-1.6 0
-2,3 0
0 0
2. 1 0
2. 0 0
8. 3 0
1 . 9 0
4 . 9 0
1 . 7 0
1 . 4 0
2. 0 0
O. 7 0
1 7 0
O. 7 0
2. 7 0
.06
.04
.07
.08
,04
.05
.05
.04
.05
.18
.05
.16
. 10
.06
.06
.07
.04
.05
• 1 1
Table.3 Sapporo multipath data
Point Received
level[dB]
#1 - O. 6
#2 - 1. 3
#3 - I. 9
#4 - 2. 3
#5 - 4. 6
#6 - 3. 2
#7 - 5. 8
#8 - 3. 9
#9 - 4. 3
#I0 -1 I. 0
#11 - 7. 3
#12 + O. 3
#13 - 3. 6
#14 - 4. 9
Delay spread
[_ sec]
0.07
0.08
0.08
0.19
0.15
0.15
O. 1 l
0.19
0.09
0.12
0.13
0.07
0.16
0.05
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